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SLS Metrology Laboratory

SLS Beamline Optics Group

@ Uwe Flechsig, physicist (1998)

@ Peter Oberta, physicist (2009-2011)
@ Sibylle Spielmann, engineer (2007)
@ Andreas Jaggi, technician (2005)

@ Juraj Krempasky, controls expert
(2010)

@ Vincent Thominet, engineer (2011)
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SLS Metrology Laboratory

The metrology lab at SLS

@ Mission:

(2

quality assurance measurements of X-ray optics

figure (slope error) As = 0.1 prad

roughness Ah = 0.1 nm

grating parameters (profile measurements with AFM)
scratches, digs etc., mechanical dimensions, radii, (grating
efficiency)

© © ¢ ¢

@ environment:

@ clean room class 10000 / 1000 (inside LTP shelter)

@ temperature stability < 0.1 K/ day, for comparison
expansion coefficients of concrete and steel:
a =~ 15pumK'm™!

@ Jow mechanical vibrations and electromagnetic noise,
(Gordon criteria: VC-D ... VC-E = 3 um/s/terz)
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SLS Metrology Laboratory

Fizeau Interferometer Zygo Verifire ATZ

Features

@ aperture:
100 mm

@ camera:
(1000 x
1000)pixels,
frame rate:
43 Hz

@ PV wavefront
error < \/36

grazing incidence setup o @ RMS wavefront

installed DEC 2011 repeatability
0.35nm or
< A/1800
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SLS Metrology Laboratory

Interference microscope Zygo NewView 5010

reproducibility

microscope

installed 2001, DEC 2011
upgraded (motorized stage for
stitching, new computer, software
upgrade)

CVD diamond window, thickness: 100 m
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SLS Metrology Laboratory
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SLS Metrology Laboratory
=BSl=

Long Trace Profiler LTP V from Ocean Optics
il A\ f/ MW‘L mww ﬂw‘ﬁ% "

@ optics up to a length of 1.5m

@ shelter with temperature and
vibration monitoring

@ installed 2005

@ delivered with EPICS interface
(though never working)
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SLS Metrology Laboratory

OO LTP V simplified optical principle

reference path
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LTP upgrade

LTP upgrade

motivation: improve accuracy, reliability and (labour) efficiency

@ 2009 evaluation of software options (Ocean Optics, LabView,
EPICS)

@ Nov 2009, LTP optics upgrade, mirrors A/5??7 — X/100

@ Nov 2009, upgrade of LTP controls system to EPICS, 1st step —
keeping original 1d- CCD detector from OO

@ Jan 2010, 1st usage of new software for KB bender calibration
details: U. Flechsig, T. Huthwelker, S. Spielmann and J. Krempasky, "LTP-V with EPICS controls system for
efficient quality assessment of KB-bender systems", NIMA, 635 (2011) S64, <link to doi>

@ Feb 2011, new CCD camera with areaDetector, 1st
measurements,
KB bender calibration, line density measurement of VLS grating

@ Dec 2011, additional encoder head for real time position
monitoring
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http://dx.doi.org/10.1016/j.nima.2010.09.114

LTP upgrade -F-s'-

ols Options for OO LTP V @ SLS

SLS EPICS SLS/ALS Labview Ocean Optics C++

LTP control data aquisition  data treatment

medm sscan IDL Windows PC Windows Laptop
Labview
Library
from ALS
ethernet modules monolithic C++ software

Linux PC LTP control
data aquisition LTe mm‘r?IA
data aquisition

EPI
e3 data treatment

softlOC data lrea_tmerfl )

LTP hardware (o) (Fsp)

Ocean Optics USB2000 spectrometer (USB interface)
Trilogy linear servo motor with encoder at Parker Gemini Motor Driver GV6 (RS232 interface)
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LTP upgrade

New detector for LTP-V (Jan 2011)

GE4900
GE4900C

@ PROSILICA 16 Megapixel CCD
camera, 12 bit

@ Gigabit Ethernet (GigE Vision)
@ 4872 x 3248 pixel , pixel size 7.4 um

@ 36.1 mm x 24 mm sensor size

@ 3.35 fps at full resolution, higher
frame rates for ROI's

A driver for areaDetector software is available, and tested!
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y Laboratory
TP upgrade
Example measurements

LTP Plugin for areaDetector

Prosilica Camera — OLPS1:caml: LTP Plugin - OLPS1:LTP1:
Setup Shutter asyn port LTPL Statistics
asyn port P51 Shutter mode Mone Plugin type IDPLugirlTP Compute statistics _tes
EPICS name OLPSl:caml: Status: Det. Clos EPICS Array port FOIT ROI1 Background width I 1
Manufacturer Prosilica Open/Close _0oen | Close firray address 0 Minimum 27 Haximum 2790
Model GE4900 Delay: Open p.000 Close .00 Enable _ensie <] Total 9293490 Net 6774268
Connected EPICS shutter setup _ @ Min. time P00 0.000 Mean 166 Sigma 359, 4
Connection _Comect | Discomect, e Callbacks block MZZT%S Plot & |
Debugging & | fosure u,,?e fgw 0. 01 arr:g;:u::i: 0.0 Centroid
Plugins: quire period 9.0  10.000 e e | | ) Compute centroid _ve: | CEHN
ALL File & ROI & # Images [10 10 # dimensions 2 Centroid threshold [ 1
Stats|m Other @ # Inages complete 0 frray Size 400 140 o |[centroid x19%.9 Y845
mage mode _ swsie  |Single Data type UIntl Slgre LEET Ve
it Trijger mode _ freemn | Free Rin Color mode Moo Sigma XY-0.007
X ¥ Bayer pattern RGG Profiles
Sensor size— 4672 3248 P SMU""SM Unique TD 75585 Compute profiles e -
Detectd Rt | Tine stamp 1633627, 102 Size X400 Y 140
- = Attributes file [ | g %6
LD G asyn record o Cursor X~
Regiol Inage counter i 1168 ]
el b o Image rate 0.0 Global Centroids Cursor Y =
gipn size Array callbacks _Enie | Enable 2726.9 16,9 Y1559.5  569.5 Plot & |
Inage size Attributes Long Trace Profiler Histogram
Inag (bytes) File[ Compute LTP? - | ESHEN (|Gompute histogram? _te -
p.000 - PixelCoeff (urad) PW7 430000 Size 6 %56
Data Yype v | iLe PixelZero (pxL) L0050 2431, 000000 Miniwum p— 0
Color mode o tono Driver file I/0 & | Noiselevel £00.000000 200. 000000 Maximum P55 255
NunPtsToFitF 8 Entropy 0.000
170 setup & statistics Wz. 16100 (px1) 2722 722 Plot _@
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LTP upgrade

data acquisition with sscan

scan of bender M2

scan of LTP head scan of bender M1
44 scan_full.ad| <@pe6657>

1 scan _full.adl <@pc6657> <2> 4 scan_full.adl <@pc6657> <3>

 Scamning ...
DATA STTE: UNFAGRED DATA STATE: UNFAGRED DATA STATE: UNFAGRED
1 Urote data to VFHOL44.noe || EETERTIERAC ive Urote data to VFHOL44.nda

It ive Urote data to VFHOL44.noa || ETERTIERIACt ive
Beforescan JILPS L canLs Lnag=hoD.0 it Boforescan | POl it | Beforescan | Polael it |
RETIVE FoSITIoNERS FETIVE FosITIoNERS FETIVE FosITIoNERS
Cre LirTs Pos Crec LirTs Positioners [ : Creok LT
s 0 ClEnR PoSITIONERS

ners ) Y
s o CLERR POSITIONERS

Read[KTEST-OL1:EC3Calc. VAL 533.538 Reac[KTEST-OL1-EX 7. REV -11.0101 Read[KTEST-OL1-EX 3. REV -12.3300
534,750 Dr ive[KTEST-OL1-EX M7, VAL -10.,9750 Drive[KTEST-OL1-EX 318, VAL -12,2950
. FeEE e

Drive TPH:G0.H

F1.150001
T— AFTER S b —ozan T e TR ST
Uvem o] msour | st pos ool [ o Lnem | psoure | st pos ool [ Uvew | msowe | sy
POSITIONER SETTLING UNEF~°°° ¢S)  REFERENCE DETEETDRF POSITIONER SETTLING UNEF~°°° ¢8> REFERENCE DETEETDRF POSITIONER SETTLING ""EF'OOO ¢8> REFERENCE DETEETDRF
SETTLING TIHE 1000 <55 i SETTLING TIME 1060 <55
F DetTriggers i £ VL

DetTriggers [ i a0 (WDet Triggers - >
4 0LPS1 teant sAcquirelt,0C, 2l 1.0oc ||| "4DLPS1tscan2 EXSC 9 ol jiorPstiscans EXSC[i.ock ) [L.0C
[ 4 o

3 froc) 4 o 4 sl |
CLIENT UATT -+ auto varT FoR D cLIENTS )man -1+
= o

I
sonLan nomeL

S T:LTPL: Tentro LK _REV

PLOTS  upmate EvERy 0 ceconns PLOTS  upmate EveRy 0.0 seconns

PLOTS  UPDATE EVERY ' W0 sEconms
corr Lest ot Thovon corr Lest ot TRovon corr Lest o Thovon
frrayTrig | [ Less | 2| Pl (R Less | 2| ol [

AfterSean | p-o [ ffterScan P-ofiR

AfterScan DLPSL:cant: Inagefo .0 Hohait i |




SLS Metrology Laboratory

Example mi’:ulrjeplgwfr:jt: -F-s'-
LTP plugin for areaDetector in operation
"real time" data processing

ROI1: 1200 x 200, measurement ROI2: 250 x 150
reference

j+

-

result of image processing

ROIO: CCD readout: 1800 x 560 pixel out of 4872 x 3248 (12 bit)
OLPS1:LTP1: CentroidX

Centroid
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LTP upgrade Fs.

Overview of the new LTP controls scheme

areaDetector ioc

sscan

5 ethernet
loc
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LTP upgrade -F-s'-

Additional Encoder for real time position monitoring
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Example measurements --s'-

9 Example measurements
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Example measurements

X07MB calibration of KB mirror system

some specs:

@ vendor: XRADIA

@ demagnification:
39m:0.5m

@ length: 20cm

@ type: bender with
2 actuators
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Example measurements

KB bender calibration for X07MB

70
[ A . ]
: . SR A '
2 -~ [ ]
E - 4
5 £ = K/\. N
‘3 AT |
B 645 5 o ]
5 i S VLAN
£ 629 & f ]
8 o w -2
s £ & v 1
60 - 4
-4
58 C |
45 50 55 6.0 6.5 7.0 —50 o 50
M1 bender down encoder (V) pasition (mm)
focusing distance residual slope error at optimum
E 2 2.0 ]
~ F 27 L ]
2 6fF _ ~ + -
- E B 915
3 E 25 §r ]
8 -
55 g s 1
a 17 8 ERE)
5 g 2 r ]
E 4 20 8 r 1
o E £ o5
g £ 05) |
7 [ ]
3 L \ |
1 0ol —
45 50 5. 6.0 6.5 7.0 o 100 150
M1 bender down encoder (V) spatial frequency (1/m)
slope results CSD (rms contribution)
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Example measurements --s'-

VLS Grating, Line Density Measurement

Littrow configuration- principle

measurement setup

Uwe Flechsig LTP-V @ SLS



Example measurements

VLS Grating, Measurement Results

BT e
e
N 7 4l P ER ST Y
£ A LW A R TV
A N I AL A Vi —

1 \ I I

/“l/u — — i

slope results line density contributions

measured VLS line density
N(w) = 1500 4+ 0.216 w — 7.06 x 10> w? +1.71 x 10~" w3

- @ 1st order diffraction pattern of LTP laser

@ finding: The diode laser in the LTP
head emits two wavelengths A\ ~1nm
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Example measurements

Summary

My message

With a moderate upgrade the LTP can stay competitive
instrument, advantages are the high spatial resolution (=~ 1 mm)
and high angular range of > +5 mrad

My message

The SLS approach to control the LTP: EPICS controls system,
concentration on the few LTP specific parts and standard tools
for all the rest.
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Example measurements
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Example measurements

The End

Thank you for your attention.
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